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ABSTRACT

I“wo lla.rtkrbiting radar missions are planned in the near future by NASA -- Sbrr(tie  Radar Topography
hk-rpping  (SR’IM) ami J .ightSAK.  ‘l’be SKTM wili fly shard the sbuttic  using intcrferomctric  SAR (TFSAR)  to
imwide  a globai digital elevation map. SWM is jointty  sponsored by NASA an(i (hc Natiowl kuagcry  and
Mapping ifgency.  The I.ightSAR  will u~ilizc emcr~-ng technology to md ncc nrass auci lj fe-cycle COSLS for a
mission to acquire SAR data for I<krth Science and civifiiin appiicatioos  and to establish commercial atility.
14ghtSAR is sponsored by NASA and industry partners.

The  use of interferornetric  synthetic-aperture radar ~H5AR)  to measure elevation is one of the most
powcrfui  and practicai  applieatiorrs  of radar  A properly equipped spaceborne IFSAR systcrn  can produce rr
highly  accurate global  dighal  elevation  map, including cloud-covered areas, in significantly Ies.. time  and at
signiflcarrtiy  lower cost than with other  systems. Ii}r accurate tcqmgraphy over a iarge area, the
interfcrometric  measurements must Lx performed simultanem..ly  in pilysically  separate rwivc systems.
Ile Spacebomc  Imaging Radm C (SiR-C),  successfully flown twice in 1994 aboard the Space Shuttle
I’fideavour, offers a unique opportunity for global m ulti[requency  elevation mapping by the year 2000.
Addition of a C-baud rwive antenna, extended from the Shuttle bay on a mast, of approximately 40 m
]CDgth, and operating in concert with the existing SIR-C ante.nma, productx  an interferometric  pair It is
estimated that  the 90% Ii near ahscdute elevation error achievable is less that 16 meters for elevation postings
of 30 mclcrs. This wiil be the first usc of spacekMue  Ii+3AK  to acquire  accurate topographic data cm a
global scaie.

LightSAR  offers important benefits to both the science communiiy  and [J. S.industry,  an imovativc
government indrmtry  teaming approach is being explored, with industry sharing the cost  of developing
LightSAR  in return for eorrmmrciiri  rights to its data and operational responsibility. 1.igh@AR  witl emble
mapping of surface change. 1,ightSAKs  high resolution mapping, quad-polarization, daai  polarization,
interferomctirc  and ScarrSAR modes will cnabk con tin uous monitoring of natural hazards,  EWh’s  surface
deformation, sarfaec  vegetation change, and ocean rnesoscak  fe.atums to provide commercially viable  and
scientifically valuable data products.. Advanced mic~oei~tronic.s  and lightweight makxiats  will increase
14gbtSAR’s  funetionatity  without increa~ing the mass, Durrl frequency L,/X band designs have been
examined.

Keywords: Radar, interferornetry,  topogmphy,  vegetation, remote scnsiug, SCANSA R, synthelic-aperture.

1. SRTM  INTRODUCTION AND REQUIREMENTS

The SiR-C)X-SAR system is a thret-frequency syutiretic-apcrf  urc radar system, operatirrg  at 1., {:,aud  X ban&,
which was flown on two 10-day Shuttk  flight.. In Aprii  1994 tind ti>ber iW4.” The l~band  and (:-band
systems employ active distributed pha~-array mrtenna.. with a high dqgrec  of agiiity.  During these same
mkims, they demonstrated the ability to acquire wide-swxth radar ilrruges usiug the WANSAR  mode of
operation. SC4NRAR is a radar techniqac  that alto% acquisition of a Iargcr  radar swut.h tharr would normaiiy
bC posribie  due to range lhppkr  arntiguity  limitations d the expenw  of reduced rmoiution.  “l’he SKIM
system employs (his technqne  with w simultaneous polariz.ations,  each looking  at a dif-fcrmt  area of the
IArth  at the .wnw time. ‘l’his is illustrated in Efig i. Aiso, dura~g the last three days of tire previous mission, the
shattJe  was pro~ammcd  to fly nearly identicai  orbits, which atiowexl the acquisition of iutcrfcmmetric  radar
data. The resuk of these repeat-paw interfcrometric  data takes ws a dcmmrstmtion  of the cxrpahility k)
generdc topographic maiw from fiartlr orbit  Wifi a radar system. fig  2 show+  a topographic map generated
from k separa~  imaging radar  pas.ws over I ,ong Vailcy,CMiforuix  [n this topographic map,  arezs of equal
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clev~ti{m tire shnwn in lhe. wmc inltmsity. I’hc outameof /
rhc.se dcrrtorrstratcd  capabilities .i(XNSAR  and dcrivtiti(JI)
of k)~)graphy  for irr[crl”c[~mlctry  prccess led k) {he
design of H radw t~)pogr:tpby  map~xr  based on tbc SI1{-
CJX -SAK  system

‘1’hc objective is to acquire a topographic map of as much
of the f3rth’s  wrface  as L% fcasibk  within the Shuttle’s
rc.source.s,  wh ich translates to all the land m=. betwcn the
Itititudtx of .54°S and 60° hr over a IO-day period in a S7”
orbiL ‘1 be k)pographic  data W produced by ibis mission
will mtisfy the requircrncntq  strrted in the lkfcn~ Maj)ping
Agency IIED-2 level. ‘1’his requirement calls for a 90%
vertical height accuracy of 10 m retativci ova a .sce.ne, and
16 m absolute, with a posting spacing of 30 m. The
Sh uttk  is capable  of Supp}rtrng a nisi-m of 10 days
duratinn  WII ile providing the C(MI sarmable,s req uked by the
SIR-C system on a 57” inchoation wbi~ With a 10  day Fig. 1. Double  SCANSAR  data acquisition

repeat o-rbit, the required swath width for cornphlc  Ear%
cowxage  is218 km. Due to the antrmna dimenyons,  the only way to attain this swath width is ti use

SCYINSAR  technique% In addition, due to the accuracy
requirements, bdh polarimtions  muq  be uwd  simultaneously,
each aequirin.g  rkd.a from a different area on the ground in
order  to prowde  enough simultancorrs  looks  Ovcr the 159
orbits of data acquisition, a total of 8(1 hears of data will k
acquired After  data acquisition, the topographic maps will
he predued over a one-year interval at a data processing
center at JPL.

X.1 SiR-C/X-SAR sysdem drtwr@!ion

‘1’hc SIf&CYX-SAR  systcrtr cmnsi<s of an ankmrra stmcturc
suppofing the three antenmr  arrays and the SIRJ3X-SAR
clectmnica  in the payload bay. Theanterma structure

I
oecupiw  most of the Shuttle payload bay, with the digital
routing electronics and drta recorders Iocatcd  in the crew

>t Lang  Val Icy, compartment. Tb SIR-C syrlem uperakxi at 1. and C band%
:erwrated  by SIR-C. and eaeh freauenrw  uses a dual-rmtarixd ditibuted nhmed-.- .

array antenna crpabte of dectrohc steering in both elevation
(cross  track) and azimuth  (along  track), ‘l’he X. SAR opem~ at x-band  }tifi a single  pdm-iz.ation  and is
mcchanicafly  skr.red in elevation. The irrterftiometer  Tstcm deseribed  uses tic C-band portion of the SIR-C
systcn~ aud the d.e~riptim that follom wUI con~ntiatc on this systcm.  In addition b the ribihty to
electronically ~eer the beam, the phati-army  antenna ~n titice a ph~ function that w-ill spoil  the
bcamfermirrg  of the antenna and genemte  a bum Wat is wider IIMU  tic ideal antenna patlcm. ‘l”his is a uscfal
featu~ whcu it is desired to illuminate a ]a~er portion of the &rth’s  surfarx  than a fully foeuwd  anlmna
wnld. ‘l”he nominal system  characteristicsof  tic  C-band and X. baud sy~ms  for the interferometer mork  arc
listed in l’able 1.

1-2 Interferometer reqdrements

“1’ hc r~~ulrcmrcnts  for producing topographic data from an interferometer pair are well known rind
docmlwotcd extensively in the literature’  “ In order [o avoid both signal shadowing and layover, [hc local
angle of incidcncc  must he centered around 4S0. fn areas of shadow, it is not possiLdc tc~ unwrap the signal
phase to derive local relative hcigh[, since signals arc not present I.n artxM of h yovcr, those areas where the
I(wal t{ymgraphy  slope  equals or C,KCXXXIS  the ra&r incidence angle,  it is also not t-mssiblc  to unwrap the
phase to derive relative elevation between  plctnrc elements ‘I”hc  local incidcucc  angle between the radar
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wave and Ilat tcrritin for the SK’1’M mission is Ii rnited [u [hose angles  bctwmx]  32° and 58°. To acquire
interferometer SAK data far die SR’lIM  mission b the rcquirut  height  accuiacy,  it is ncccswry  (U ha vc an
autcnna  separation, or haselinc,  of gnxiter than 50 m. Il]e baseline a(tihrdc is at an angle ot’4S” from the
l{w~l nadir direction and must be krIOWII tO an a~uracy of 11“ or better. ‘lIc length of the baseline must
also be known to  an accuracy of 2 mm or trcttcr. ‘f%c hasclinc  .sepnration and baseline attitude  must be
known continuously during mapping o~ratioas, since this information is rcqui red by the data processor for
the mlculaticm  of absolute altitnde  from the center ol” tho brtb. ‘Ilc Shuttle position accuracy at all times
must be known within 1() m in the horiz~>ntal plane and 1 m in the vertical pbnc,

Table 1. SIR-C  and X/SA R Syskm  Charackr14ks for the SRTM Mi@on
.: ..,...:. F&i&tiAZ . ““.,’  “’

F~”
Polarization
‘l”owl SW41 Wwi
SCANSAR  Simukx!oru belxas
SC!ANSAR  ks per potaritiion
Sputid Rrxdutha
Ban&vi&h
Systcm  i%i.se F@alenl sigma 2430
‘I”raustit F’(XWY
PIirnaty Antenna
Seconday or Oulboard Anhma
f%el MC
Transmit Pulse flnation
Data Rate
Final ProckIct Rc301 ufion

. . ” ;  -’. .’.

C:&d
Hminmtd and wztieal
218 km
TWO (MC w ench Pokiz=ttion)
Two
30LU
10 MHz
-35 m
lXXt Wpcr pohaizatioa
().74 m by 12 m
0.74 mby 8 m
62 m :1 a 4$ rnq$efmm  vexlicd
.34 :s
180 M&s in 4 rhmncls
30 by 30 m

- . . . ” .  . :
b. ~~ ,. .::.  .,, ,,
X-thct
Veztilat
sokrn

.30 m
lo MIrf
-33 dll
1440 w
0.4mhy12m
0.4mby6m
59mz15Y’dTmdif
40 :s
W MbpJ in 2 ehannek
30 by 30 m

3. SWSITEM  DESCRIPTION

The S1 K< C-band system will remain nearly unchangcxl  tic previous two flighLs,  except for sume  minor
modifications to adapt the existing  hardware to the intcrferomctric  mission, Since  the intcrfcromcter  will
opCrrttc as a slngic-p;=  fixed-bas;line  instrument, a second .@ of receive-only antennas, onc at {!-hand  and
the other at X-band, wiIl lx added to tic eqnipm~t cnmplemcn~ The new antennas, referred to as tbe

Outboard Antenna Subsystem (OAS), will be

l-i g. 4. SRTM  interferornctcr  configuration

mounted on an indepcndeut  suppmt  stmcture,
which will be stowed during  Iaanch  and landing
and deployed via au extcndablc  mast during
cm-orh;t  o-perntions.

I& 4 shows the on ~rbit configuration. Tbe
sires of the outboard antenms were clwsmr not
only to satisfy the performance requirements of
the intertixorncter,  but also to take into account
the available space within the Shuttle cargo bay.
‘Ilrc rnas~ which provides the baseline
separation between the main and outboard
antennas, is contained in a 1.4-by-3-m
cylindrical canker when stowed and deploys to
60 m wbcn fully extendtxl.  it is au actively
drivcm mast, composed 0[ graphite epoxy in
combination with rnctatlic  end fittings, which
has the advantage of being fully rigid and
mechanically sktdc during deployment.
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l’he two X-baud R l-l k and  rX2Es kated under the SIR-C m~in anlc.nrur  s!ruclurc afe synchronized to each
other by mtxrs 01 a statde  oscillator sigual. A fi~r-optic link will lx uwd for sigmrl transfer from [k
outboard  antenna to the cargo bay. Monitcxing  and controlling the kmperature of the 1 ~NAq and the
combiner network is ncccmary  to satisfy phase Slabil ity rcquirc~cnts, ‘1’wo output  datn strtiuns  of 45 Mbit/s
each arc produccxl,  r-c.pwstmtiug  the raw daia for the two i ntcrfcromc(cr  images. ‘1’hcy are multiplexed for
recording on the cassette tape or dowDlinkcd at half rate.

‘I”he  outboard C-band antenna array Wi[l  bc based on the same dual-polarized design as the main antenna.
‘I”hc elevation aperture is formed  by 18 elements, while the azimuth apcrtarc  will bc divided into 12
subaperturcs Each panel will contairr 1,NAs and phase shitkm for horiamtal iind vertical polarization. This
semiactive (rewivc  only) Wnfignration  will provide not only  the rslectrrmkdly  steerable beam needed  for
SCANSAR, but it also m&es more effatit~~  usc of the sensitivity of the Iow-noise amplifiers.

3 .1  Metrokgy

The fnnction of the metrology subsystem is th~fold. The  flint is to measure  the characteristics of the intcr.-
ferommter  baseiinc  to a high accnracy.  The ~cxmd  is to ealcubrte  the position of the Shuttle, and the third is
to provide tic intetferomctti system with a ~i~ time base to which all measurcnrents  can bc rdated. ‘Jle
absoluw  baseline attitude is measured with a combination of sensors. ‘~hc lirst is a star tracker mounted cm
an optical bench at the JMSC of the main antenna. The star tracker provides absolute attitude updates to an
inertial rcfertmee unit. A camera  systcm, based on a star tracker, senses tic relative motion of the outboard
antenna with respect to the optical  bench t)y observing thr~ light source.s (1.[Ms)  mounted on the outboard
antennri  The absolute position of the Shuttle is meastrt-ed by the GPS system, which uses an antenna
mounted on tbc outboard antenna stractare ‘1’hc GPS system also provides the common time base. to which
ali measurements arc tied.

3.2 Ontrmml data lsamllirq and storage

The raw radar signats  from four SfR -C reccivcr  channels, two channels (Hli and VV) each from primary
and outboard antennas, arc digitized into four 8-bit  data channcts,  with each channel haviug  an output  rate
of 45 Mtitds.  This fu rrc%on is performed by four IXgital  Ilata Handling Assemblies (I>IX3AS).  The four
data chartacls  are then fed into the Digital  lhta Roating lklronics  (~~RIi). The DIMKE  tnukiplcxcs  the
data into a singIe  IfJO-Mbit/s data stream to be recorded by onc of the three Payload 1 Iigh-Rate  Recorders
(PtIRRs).  In addition to the above functions, the IXIIU3 also receives X-SAR digitized data at 4S Mbits/s
from the X-SAR Data and Ckntrol  I ;Iectroni cs (TxX).  “I%C 1.MxzE tin simultaneously route any single
channel of real-time or playback data to the ground via the TDRSS  link. Written at 18(J  Mbits/s  (SIR<
mtdtip]cxod data rate). the digital  tape casscttc  for the PHRR can  record up to 30 minutes on a single
assctte, or about 300  Gbits  (about 40 Gbytes)  ~r cassette.

33 Data processor and tofmgrri@dc  map gerreratiotr

After the end of the mission, the digital tapes wi(i be tir.st dupticatcd  and tic data tapes sent to their
respedivc  grotrtul data pmcwsing centers, The processing procedure to gcncrnte the topographic maps is
ba&td]y as follows. First,  the radar data from each of the two intc,rferoruetric channels is pr~sscd to
generate phase maps. A difference phase map is then pr~ducert for an entire  pas.. bctwccn  wan coastal
crossings. [Jsing L& baseline angle  and length information from the metrology systcm,  a relative !might
map is then obtained from a phase unwrapping algorithm. I“he absolute height maps am then gcrnerated
after calculation of the ocean heights  derived from TCtf’J~X oecan  models find tide tables.

4. SRTM CONCLUSIONS

‘,
4

The Shuttle Radar ‘Topr)gr-rrphy  Mapper is the first mission to exploit the radar interferornctry  k.chaiquc  to
acquire topographic maps on a gtobat XXIIC with unprccedcntcd  ovcratl spatial rw+otutiou,  height accurzwy,
and data uniformity. [Jsing  modified existing and flight-proven SIR-t7M-SAR  hardware, the mission
rcpresenL$  the most cost-effective means to acqait-e such a global map in the shortest time possible. LJnlike
the repeat-pass interferomctry,  which  was tc~tcxi su~sfully durkg, the previous SXR-(YX-SAR mission and
is currently being prformed hy existing gpacchome  SA R systems, such as FIW 1, the fixed baseline SRTM
systcm providcx the most s[ab!e crmtiguration for c.alibmtcd intcrfcromehy  data acquisition,
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S. L[G HTSAR  INTRC)DIJCI’WN  AND REQ(JJRIIMENTS

“fhis is a technical summary of the l,ightSAR  systcm cimgn  wudics pcrkmned  by J1’1..  1.igtiLS.AR is a
NASA initiative to develop a Iowcost Fk-tlI imaging radar satellite  system that will  rclurn valuable scienw
data, dcmonslratc  advanced tdmologics, and rcvolutioni?.c cxmuncrcial radar imfigirrg from spmz.

FICCAUSC  1.ightSAR oHcrs important benefits to both the scicncc  and civil operations community and [J.S.
industry, an innovati  vc government-industry teaming appr{uch is being explored, with industry sharing the
cost  of developing l,ightSAR  in return for commercial rights  to its data and opercrtionaI  responsibility. The
four industry tearm  swk.cted to work on l,ightSAR  deti nit-ion studies are reviewing business and teaming
iippr~ch=,  prepan-ng market analyses, developing applications. defining technical approaches, and
identifying potential industry  cos-sharirtg of follow-on development. This approach is also gathering
experience from previous commercial radar undertakings. 7

The LightSAR  designs presented here are non-optimixd crIgineeMg  solutions, formulated as a design and
cost exercise, which has been cxamincxt  in sufficicrd depth to estabhsh  confidence that it can be produwd
and will meet a broad set of science requi rcmcnts. ‘I”bc LightSAR  designs achieve reduced costs  by
matching currently available lightweight radar  components with a proven commercial spacecraft bus, by
using commercial laonch and operations serviti, and by following a lean, fast-paced schedule. (kmclusions
from the 1.igMSAR  desjgn  cxcrcisc  are: 1) l~ghtSAR  is technically feasible, and 2) I,ightSAR  costs csu IM
25% that of any previous free-ftying. space-based imaging radar  (including launch  services).

Because  of i~~ planned long-term (35 yr) operation, 1,ightSAR would collect krrgc anrounLs  of information
about our planet, and provide an important contribution to NASA’S Mission To Planet llirth {MIT%)
program and civilian environmental opcmtional  monitoring programs.’ This program is a long-term
research effort designed to better understand how tlw Earth is changing, how we cause or  contribute to these
changes, and how those  changes affcd us. In addition, the information from J.ightSAR  could potentially
help us address a range of issues

F&  example, measuring motiorr of the Earth’s surface, to hcl ns better  understand earthquakes and
volcanoes and sup~rt  emergency management efforts. c?Stu ying the movement.. and changing size of
glaciers and ice floes to help  better understand long-term climate variability. lXveIoping  highly detaikt
and accurate clcvatiun  maps. Monitoring fttis and whrm  they are likely  10 oecm. Asseasirtg terraia for the
likelihood of finding oil or ottrcr natural resourcxs  Ikirly recognition anrt monitoring of oil spills. Assessing
the health of mops and forests. Manning urban development and likely effects. Studying land cover and
land use change. Wcausc of advances in cadar  and spacecraft technology, the LightSAK  spacecraft under
study would be much smaller and less expensive and perform better  than comparatdc  systems that are in
orbit.

The 1.ighL$AR satellite would provide nearly complete covcmgc  {rf the Earth’s surfiicc every 810 days.
‘l’his repeating coverage would give I,ightSAR  the unique capability to continuously monitor changes in the
l~rlh’s topogmphy  as .srnall as a few millimeters. Capabilities under study would enable the radar to
measure fc.a(ures as small  as 1-3 meters, oaenng  significant fmtcnlial for commercitil  usc in topographic

. mapping, land managcmen~  planning and development.

,~. . 4. MISSION DW3CRJPTION

LightSAR  wilt gencra[c  data for comrwrcial,  Eafih .s.ciencc, and civilian applications. I.ightSAR  will enable
mapping of surface change. [.ight,SAR’s repe@-pass interferomctiy  technique will errablc  continuous
monitoring 01 Mirth’s dynamic topography to a hci bt accuracy  of within a fcw millimctcm.

f
Nlorcovcr,

LightSAR  will have the ability to map large areas o the surface of the Farth,  es ially oceans, using the
.ScanSAR technique described in the SRTM  mission P‘1’o obtain k>ti  high rcso UtiOII  measurements  for
commercial interests and large scale geophysical m~surcmencs  a dual frequency (1, and X-band) was
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investigated as WCI1  as a single frequency ([,-band) mission Because of federal fegultitiuns restricting tic
bandwidth available at T,-band, rwmlu[mn  greater than 3 III is DO( realizable.

6.1. Radar Design

A pararneterization  of the L band and X band radar designs considered is presented in Table 2. Note  that
the table shows not only  the frequency divcmity  but tic polarization and opecationai mode diversity as wtll.

Table 2. LiitSAR Dual Frwpency Desigo  Comparison.

Giw?:$ka!  W*  .,-“
.: . .

Frequmcy

Rcsolltim (m)

Swath (km)

Lnoks

Qr@nti7ation

Incirkmx Angle

polarizations

PKF([lzj

Pdse length  (ins)

Aviwagc RF pow (w)

IMa He (Mbps)

I

10

(x, 2) rMTQ

.25 45”

r-m

123[)8
16166
15

[5-1900

9-1100

Hi>a;  “. : ~,., $..,. . .

I Jrand

3or5

10

1-2

(8, 4) HI-X.)

25-45”

HIIorHtI+-
Vv
2$764143

I(J

210-330

98-163

Rep@.M~.l(F
,.

I.Band

4G

90

8-16

(8, 4) B[’YQ

25-45°

Hl[orVV

15891916

1s

190-230

7~-~
—.

W... . . .
Ltland

2s

30, 60

3-4

(8, 4) ItI.mQ

20 40”

}[H, IN, Vrli
W’
3043-3547

3

’7380

101-163

:*-&!&;”;  ,,:
~-
Lt%nd

25

50

8

(s, 4) Wlq

25-52°

&fH, IIVor
VV, VH
1986 -2(M1

10

16(210

93-113
——

~“&A~ ,,y
.,. ,. . . ,.,. . .

LBand

I(JC

280

8

(8. 4) M-IQ

20-52”

ltH, Hv

1164-2000

28-15

30.130

21-40

13ettcr discrimination of texturv  and water  content will be possible and the longer  (L-band) wavelength
radar and use of multiple polarization modes wi II rrllow be-~er distinction of texture-si, vcgetrition st.ruct ures
and water content, soi! moistu~c,  ice thickrmm, and other applications.

Imaging swaths of 100 km wide over will provi&  2.Sm  horiimntal resolution, aecuratc  It) within a few
mi Ilimcters  vertically. As shown in ‘1’able 2, even higtrcr resolution, I-3 inelcm, is being considered in order
to
x

vidc opportunities for additional commercial applications, such as high-resolution surfaec  mapping
wregi.stration with electrwopticat  wmsor data, l’be wide swtitb (280 km) .SeanSAR mode will pmvidc

large  area mapping over the 500 km wide accaxs  area.

Characteristics of LightSAR  dcsigu concepts under study include state-of-the-aft technologies with
signifimnt  redudion  in maw,  as well m instmmcnt  and mission life+ cycle casts.  These twhm}logies  when
applied to an I~bnnd,  mrdtipolariution, high-performance S/\R with multiple reso!utit~w% and swath imaging
capabilities will increase the radar capability by a factm six without increasing the mass. To meet the
imaging agility needs electronic beam steering has bctm considered to maximize the tafgetabk swath. In
addition, As noted previously X band is being considc.rcd  fof very high-resolution commercial applications,
however. C-band  also has suffIcirmt  bandwidth albcatcd, to meet high resolution imaging needs. Fignfc  5
illustrates two configurations for a dual frequency s ystcm concept.

lo make LightSAR  commercially vitiblc and to obtain time serirs  of data over  mrrltiplc W.SOUS,  designs for
missions with a lifctirnc  t~f 3-.5 years are being considered. The design Iifc is important in terms of the
reliability of the CiMIIO~CS, sdectivc redundancy has -t implications, as well as the sizing of plopeih[

6
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required 10 maintain the orbit over the mission life. Additltmal  electronics aud propdtaot tmnslatc  into
additmna!  mass which results  in higher costs for more vrpahlc  launch vehicles. ‘I hercforc, a dcl icatc balarree
mus~ be achieved between the overall sy~cm performance and the .w~lx of rcquirerncnts

@

X-card 0@0n9: l%! w

I@re 5. System cnti]guratiorw  arid designs for an L/X-band missiou.

6.2. Orbit  Considerations

LightSAR’s 8 to I(ktay
repeating orbit maintained
withirr a 2X) m diameter
tube (determined by the
Global JMtiorting System,
GPS), would  provide
visibility of mcd Ioeations
cm 1’kJrth about  OIICC each
day. the repeat pericxt  was
defined to meet irnagin
requirements for glacier
rwcarch.  Hying  within a
2S0 m tube is a significant
requirement that must be
met to achieve globat
surface deformation
measurements, with
trccuracic.s  of a fcw
millimeters, using repeat
paw  intcrfe.romctry. fir
design  purposes a a sun-
synchrormus  orbit at an
altitude of 600 km, with an

inclination of 97.8° was evaluated. Orbits  at lower inclinations were also examined. Moreover, the orbit
must  be known with an aeeuracy  of <10  cm radially and uoss-track and i m along track. C.ommcrcial
requirements for the orbit control and precise orbit rletcrmiaation  arc less stringent.

6A Spacecraft BrLS

Several acrospaee eornparries have low cost spacecraft bus

Figure 6. 14ghtSAR Mectranhxd Clmfiguration  (I.-
band only).

7
,.

desi~ns  that could serve iws the LightSAK  bus.
I& adaptaliorm required to ac~-rnmodate  the
radar instrument(s) incl ride: attachment of the
radar antenna, deployment structure, and latch
mechanism; installation of radar electronics in
the bus, provision for unique memory and data
handling capacity, tailored downlink
trzzrnsmitter(s)kmtenna(  s), tailored solar array
and battery provisions, tailored attitude controt
provisions and tailored CWS configuration.
Figure 6 itlushates the mechanical
eonfqrymtion  for 1.ightSAR with an Lband
radar, only. I“he bus eonfipmrtimr  shown is
generic and is used for dcmga and cost
evaluation prirposes to cmnvcy one of many
possible &sigus

“I”ablc 3 surnmariy~s the performance needed
for a bus to support an L band radxr mission.
The additional a wxmd rmhir will require
evaluation of the mcchanica!  configuration and
rteptoyment  mrxhanisms  as well as the power
demands, as shown in ‘[’able 2, for X band.
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The  currcut 1.igtrtSAR  dcsigu  requires that t.hc bus k capabk of roll iug 70” (*35° from na~iir) (u put-mm
high latiudc mapping near Ihc poks ( up to S0” N and 86” S), Illis capability also is required to provide
for maximum covcragc  and rcsponsivcncss LO commercial imaging custorucrs.

Table 3. Li@ttSAR  Bus  Performance for an L-band Radar.

I:%atrtr@  “ .,.” ‘ .’:..
Autonomy
Mass
Ibwcr
Attitude Control

Propulsion
Data Storage

Comrnartdfl.elernetry
Data Link
.Subsystems

‘~~bijj~j’” .,r “ ,:,,’ . “.: :-’;.”. ,,.” ;%.,”.;, : ~: ;., ; , “ ., ; ,“’”’ ., ‘;:>”’..;
Opcmtc  WIU commands  24 hr (typical), 7-day max
<710  kg (tli ght weighL without single  frequency 250 kg radar
~ Arnp-IIr batteries; l-axis gimbalect so[ar amy
Wintirrg  Accuracy: clcvatirm 0.5°, azimuth 0.1”; knowledge: O.O1°
Rx-form  70 degree roll in 10 min. (for right and left looking)
Maiatain  2SQ m diam. tube about velocity vector
%3 Gbit  solid state memory, xadar data recording for N 1 orbit (Spotlight mode), >3
orbits (SeanSAR mode)
Sband  receiverltrarrsr  nitter, with command encryption
Radar: X-band trmmrnittc.r, at 160 Mbps  (1. band radar, on[y)
Assumed drxsi gn includes hot gas thmsters.  reaction whczls,  inertial rcfcrcncc
unit(s), star tracker(s), sun .sen.sors,  magnetometer, and onboard  GIobd I&itionirrg
!$@cm  (GPS)

7. I.IGHH R CONCLUSON

1,ightSAR  is the firs NASA commercial SAR mis~on.  An innovative NASA-I nduSry  partnca.hip  has been
established to aduce  the uxst of SAR mission by a factor of four w4ik  iucrcasing  Utc ca

r
bility. This

partnerslrip  will utilize  advanced MIMIC  devica and lightweight materials to dewlop  a igh performance
radar systems that witl meet both NASA’s .wience goals and Industry’s commcrcializrtion  goals. Not only
will a new set of working relation~ips and ~cttttologies  he applied but existing spacecraft launch vehicles
and an operations infrastructure wil  be u~d to reduce costs and maintain a sehmiuk that @ bring  LightSAR
to ortit  years morrer than was pmtiuisly achievable.
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